Isolation of non-pathogenic Agrobacterium spp. biovar 1 from agricultural soils in Slovenia by LAMOVŠEK, Janja et al.
130 ISSN (print):   0031-9465 www.fupress.com/pm
ISSN (online): 1593-2095 © Firenze University Press
Phytopathologia Mediterranea (2014) 53, 1, 130−139
DOI: 10.14601/Phytopathol_Mediterr-12706
Corresponding author: J. Lamovšek 
Fax: +386 12805255 
E-mail: janja.lamovsek@kis.si
RESEARCH PAPERS
Isolation of non-pathogenic Agrobacterium spp. biovar 1 from 
agricultural soils in Slovenia
JanJa LaMOVŠEK, BarBara GErIC STarE and GrEGOr UrEK
Plant Protection Department, Agricultural Institute of Slovenia, Hacquetova ulica 17, SI-1000 Ljubljana, Slovenia 
Summary.  The disease crown gall, which causes damage on perennial agricultural crops, is economically impor-
tant in many countries. We therefore explored the presence of Agrobacterium spp. in a variety of agricultural soils 
where fruit trees are grown. Most samples were collected in four regions of Slovenia where a majority of fruit tree 
plantations are situated. Crown gall-affected plants were not observed on any of the sampling sites. Members of 
Agrobacterium spp. biovar 1 were isolated from 63 of the 72 soil samples (88%), but none from forest soil. All isolates 
of this Agrobacterium species complex were determined to be non-pathogenic by biotests and were assigned to 
genomic species based on a recA allele sequence analysis. Fourty-three isolates were allocated into genomic species 
G1 and 26 isolates into G4. Among both genomic species, new alleles of the recA gene were recognized: seven new 
alleles in G1 (denominated G1-15 to G1-21) and four in G4 (G4-7 to G4-10). Two alleles predominated among the 
Slovenian strains, recA-G1-15 and recA-G4-2. Different colony morphologies were observed between strains of G1 
and G4 on KB medium. 
Key words: crown gall, recA, genomic species.
Introduction
The disease crown gall, which can affect nursery 
and mature plants, is regarded as one of the most ec-
onomically important diseases of crops such as fruit 
and nut trees, cranberries, grapes and ornamental 
plants (De Cleene and De Ley, 1976; Kennedy and Al-
corn, 1980). The causative agents are the widespread 
soil and rhizospheric, Gram-negative bacteria, Agro-
bacterium tumefaciens (Smith and Townsend, 1907; 
Conn, 1942). Most are found as non-pathogen soil-
borne bacteria but some are plant pathogens which 
can produce tumours on a large variety of plants. 
Tumour formation is the result of uncontrolled plant 
cell division stimulated by bacterial tumour genes 
expressing inside plant cells. A conjugative tumour-
inducing plasmid (Ti) of the pathogenic strains en-
ables the bacteria to transfer and incorporate tumour 
genes (T-DNA segment on Ti-plasmid) into the ge-
nomes of host plants. A tumour which is usually 
formed on a plant stem just above ground level is 
characteristic for crown gall. The disease is rarely fa-
tal to plants, unless it occurs on young or stressed 
plants found mainly in nurseries of fruit trees and 
ornamental plants. The infections can manifest as 
loss of plant vigour, reduction in crop yield, or as 
plant death (Poncet et al., 1996; Epstein et al., 2008).
In Europe, high levels of disease incidence have 
been recorded, mainly in nurseries, in countries 
where fruit production is important. This includes 
many Mediterranean countries, but the disease is 
also problematic in continental climates as well (Pi-
onnat et al., 1999; Pulawska, 2010). The diverse cli-
mate conditions of Slovenia, which include Medi-
terranean and continental environments, lead to 
the many different fruit tree varieties grown in Slo-
venia. However, crown gall has never been of eco-
nomical concern in pome and stone fruit produc-
tion in this country.
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The highly diverse group of Agrobacterium bi-
ovar 1 (A. tumefaciens / A. radiobacter) at present in-
cludes at least 11 genomic species or genomovars 
designated as G1 to G9 (Mougel et al., 2002), G13 
(Portier et al., 2006) and G14 (Pulawska et al., 2012). 
The term genomic species is applied to bacteria 
that are genetically so closely related that they can 
be classified as one species yet possess enough in-
fraspecies diversity to cluster into discrete groups 
of strains. All biovar 1 genomic species are due to 
receive Latin binomial names, except for genomic 
species G4 which is already designated as A. ra-
diobacter (Young et al., 2006; Lindström and Young, 
2011). For the genomic species G2, G8 and G14 the 
proposed denominations are R. pusense (Panday 
et al., 2011), A. fabrum (Lassalle et al., 2011) and R. 
nepotum (Pulawska et al., 2012), respectively. Classi-
fication of Agrobacterium strains into biovars can be 
achieved by a multiplex PCR reactions, which tar-
get biovar-unique chromosomal genes (Pulawska et 
al., 2006). On the other hand, determination of ge-
nomic species can be achieved with genome-wide 
methodologies of amplified fragment length poly-
morphism (AFLP) (Mougel et al., 2002; Portier et al., 
2006) and a multilocus sequence analysis (MLSA) 
(Martens et al., 2008) as well as with recA sequence 
analysis (Costechareyre et al., 2010).
The difference in the crown gall incidence be-
tween Slovenia and other fruit-producing countries 
(Al-Karablieh and Khlaif, 2002; Epstein et al., 2008; 
Pulawska, 2010) lead us to explore the presence of 
A. tumefaciens strains in agricultural soils. We fo-
cused on soils of pome fruit tree orchards that repre-
sent almost 80% of the Slovenian fruit growing area 
(Statistical Office, 2011) to provide an insight into 




Soil samples were collected from agricultural 
lands in October 2010, at 66 locations across Slo-
venia’s regions of Savinjska, Gorenjska, Spodnj-
eposavska and Podravje. From the regions of Os-
rednjeslovenska and Dolenjska one sample per lo-
cation was collected. We analysed 72 soil samples 
from 53 orchards (apple, peach, pear and plum tree 
plantations), seven meadows, five fields, three vine-
yards and four forests (Table 1). Samples were tak-
en from the superficial soil layer (10–15 cm depth) 
using a 10 mL soil probe. At each site we randomly 
selected an area (20 × 20 m) where the soil sample 
was collected from ten points. After each sampling, 
the probe was washed with water and disinfected 
with 70% ethanol. All soil samples were transferred 
in cooling boxes to the laboratory and stored at 
10°C until further processing. Crown gall symp-
toms were not found on any of the fruit trees at any 
of the sampling sites.
Bacterial isolation and identification
Isolation of soil agrobacteria was carried out ac-
cording to standard microbiological techniques and 
started within 1 week after soil samples were collect-
ed. Ten grams of thoroughly mixed soil from each 
sample were suspended in 90 mL of sterile deion-
ized water and shaken on a laboratory mixer at 300 
rpm for 30 min. The suspension was left for a few 
minutes to let large soil particles settle. Ten-fold dilu-
tions were prepared from the soil suspension in ster-
ile deionized water, and were streaked onto plates of 
medium 1A (Brisbane and Kerr, 1983). This medium 
is selective for A. tumefaciens biovar 1 strains. The 
plates were incubated at 27°C for 3‒4 d. They were 
visually inspected for colonies with specific colour-
ing and morphology of A. tumefaciens (Lippincott et 
al., 1983), which were then directly counted for soil 
population density evaluation (cfu g-1). The selected 
colonies were subcultured on a King’s B medium 
(KB) to obtain pure cultures and tested with mul-
tiplex PCR, as described by Pulawska et al. (2006) 
with a modification. PCR was carried out in a total 
volume of 20 µL in a Verity 96 Well Thermal Cycler 
(Applied Biosystems), applying the protocol for fast 
DNA amplification. The PCR reactions contained 
the GeneAmp Fast PCR Master Mix (2×) (Applied 
Biosystems) with 1 µM of each primer (Pulawska et 
al., 2006) and deionized water to adjust the reaction 
volume. The amplification conditions comprised an 
initial denaturation at 95°C for 1 min, followed by 35 
cycles of denaturation at 95°C for 15 s, annealing at 
67°C for 15 s, extension at 72°C for 30 s and a final 
extension step at 72°C for 10 min. The amplified PCR 
fragments were visualized on a 2% agarose gel. One 
or two Agrobacterium biovar 1 strains from each soil 
sample were selected for long term preservation in 
meat peptone broth with glycerol (1:3), and stored at 
–80°C till further use.
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Pathogenicity of Agrobacterium strains
Biological tests for assessing pathogenicity of A. 
tumefaciens strains were performed on tomato, sun-
flower and Kalanchoe daigremontiana plants. Four-
week-old seedlings were each punctured three 
times in the stem using a sterile entomological nee-
dle dipped in pure culture colonies of the bacteria 
grown on KB medium at 27°C for 24 h. Bio-tests were 
performed in triplicates. Inoculated seedlings were 
maintained in a glasshouse at 20–30°C with natural 
lighting conditions. In the period of 3 to 6 weeks post 
inoculation, the plants were visually inspected for 
tumour formation every 5 days. The strain C58 was 
used as a positive control, and water inoculation was 
used as a negative control.
The recA gene sequence amplification and analysis
All confirmed strains of biovar 1 A. tumefaciens 
were selected for classification to genomic species 
by applying the recA sequence analysis according to 
Costechareyre et al. (2010) with a modification. Bac-
terial DNA was isolated using the standard alkaline 
lysis method (Sambrook et al., 1989) from a loop-full 
of each bacterial strain grown on KB medium at 27°C 
for 24 h. Dilutions (1:1000) were prepared in a ster-
ile TE buffer (pH 8.0). For the recA gene amplifica-
tion, a forward primer (FwdrecA2 5’-ATG CTG GCT 
SMG CCT TGC GA-3’) was constructed according 
to the genome sequence of the C58 strain (acc. no. 
L07902.1). The reverse primer used was F2899 with 
T3 tail (5’-ATT AAC CCT CAC TAA AGG GAT GCA 
GGA AGC GGT CGG CRA TSA-3’) (Costechareyre 
et al., 2010). PCR assays were carried out in a Verity 
96 Well Thermal Cycler (Applied Biosystems) in a fi-
nal volume of 50 µL. The reaction mixture contained 
GoTaq PCR buffer (Promega), 0.7 mM MgCl2 (Pro-
mega), 125 µM of each dNTP, 1 µM of each primer 
and 2.5 U of GoTaq DNA polymerase (Promega), 
and 2.5 µL of diluted bacterial DNA. Cycling condi-
tions comprised an initial denaturing step of 5 min 
at 94°C, followed by 35 cycles of 45 s at 94°C, 45 s of 
annealing at 55°C, followed by an elongation at 72°C 
for 2 min and a final elongation step of 7 min at 72°C. 
The amplified PCR fragments were visualized on a 
1% agarose gel.
The PCR fragments were sequenced (Macrogen) 
with the FwdA2 primer and a universal T3 primer. 
Computer software BioEdit v. 7.0.5.3 (Hall, 1999) was 
used for assembly, alignment, identity matrix calcu-
lations and in silico translation of the sequences. Sim-
ilarity of the 969 bp long recA sequence to all known 
sequences was determined by the BlastN algorithm 
on a NCBI server (Altschul et al., 1990). Sequence 
polymorphism was analyzed with DnaSP v. 5.10.01 
(Librado and Rozas, 2009).
Colony morphology and temperature effects
The colony morphology of all strains was ob-
served on the KB medium after 4 d of incubation at 
27°C. Further, the colony morphology of seven ran-
domly selected G1 strains (3-2, 10-1, 11-1, 24-1, 30-
1, 52-1 and 72-3) and two G4 strains (29-1 and 44-1) 
was inspected on 1A medium after 4 d at 27 °C, and 
on the KB medium after 4 d incubation at 21°C or 1 
week at 12°C.
Results
Agrobacterium tumefaciens detection and 
pathogenicity assessment
Agrobacterium tumefaciens strains were isolated 
from 63 of the 72 soil samples (88%) on selective me-
dium 1A. Forest soil samples did not contain A. tu-
mefaciens biovar 1 isolates.  The population density of 
A. tumefaciens in soil was evaluated by a direct count-
ing of colonies on 1A plates. Populations varied from 
5 × 102 to 3 × 106 cfu g-1, with an average population 
for all samples from 103 to 104 cfu g-1. All the strains 
were determined to be non-pathogenic when inocu-
lated into different hosts, whereas the pathogenic 
control strain developed tumours on inoculated 
plants (data not shown). 
Our G1 strains had orange-brown to red-orange 
colony pigmentation and the G4 strains had light 
purple colonies with dark centres after 4 d incuba-
tion at 27°C (Figure 1). The colony morphology of the 
G1 strains was convex, glistening and circular, while 
we noticed greater mucus production in colonies of 
the G4 strains. The differences in colony morphol-
ogy between genomic species were exhibited also 
on the KB medium at 27 and 21°C. The G1 strains 
had rough, wrinkly surfaces at the colony centres 
and the G4 strains had smooth colony surfaces and 
produced greater higher amounts of mucus. The 
surfaces of the G1 colonies were slightly smoother 
at 12°C as observed on seven randomly selected G1 
strains (Figure 2). Both selected G4 strains had a mu-
coid phenotype at 12°C.
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Diversity of recA gene allele sequence
The sequences determined in this study have 
been deposited in the GenBank with accession num-
bers KC291939 to KC292007.
The amplification of recA genes using primer set 
FwdrecA2 - F2899 resulted in a 1138-bp long ampli-
fied fragment. Based on identity matrix calculations, 
we allocated the 69 determined recA gene sequences 
into 25 groups of identical sequences representing 
the 25 recA alleles (Tables 1 and 2). Allocation to ge-
nomic species was based on sequence similarity to all 
previously deposited sequences (BlastN algorithm). 
Eleven groups were identified as genomic species 
G1 and seven as G4 (A. radiobacter). Fourty-one recA 
sequences were identical to the known recA alleles. 
According to the BlastN algorithm calculations, the 
remaining 28 sequences had four to 12 mismatches 
and 99% similarity to one of the known recA alleles 
(E value = 0.0). Each of the new recA sequences was 
given a new allele number. Allele sequences that dif-
fered from a known allele by one mismatch were 
Figure 2. Colony morphologies of G1 strains (11-1) differed at 12 or 21°C on KB medium. (A) Smooth colonies at 12°C after 
1 week. (B) Rough colonies at 21°C after 4 d.
Figure 1. Colony morphologies of Agrobacterium tumefaciens genomic species G1 and G4 on 1A medium. (A) Orange-brown 
pigmentation of genomic species G1 (strain 72-3). (B) Lavender pigmentation and mucoid phenotype of genomic species 
G4 (strain 44-1). Cultures were incubated at 27°C for 4 d.
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not considered as new. Star-coding (*) was applied 
to distinguish them from reference allele sequences 
(Tables 1 and 2).
Two alleles dominated in the soil samples, and 
these were the allele recA-G1-15 from G1 and the al-
lele recA-G4-2* from G4 (Tables 1 and 2). The allele re-
cA-G1-15 had high sequence similarity to the known 
allele recA-G1-4 (A. tumefaciens strain CFBP 5622, acc. 
no. FM164291.1), yet differed by 10 mismatches. The 
allele recA-G4-2* differed from the most similar al-
lele recA-G4-2 (A. tumefaciens strain ATCC 4718, acc. 
no. FM164308.1) by one mismatch and is therefore 
marked with a star. Although high diversity of the 
recA gene sequence was documented in this study, it 
turned out that all G1 alleles resulted in one identi-
cal protein sequence while all G4 alleles resulted in a 
second protein differentiated by five amino acids (I/
V40, N/G113, I/V140, M/T315, and S/N317) when trans-
lated in silico. The exception among G1 alleles was 
strain 51-1 that had a unique protein sequence and 
was differentiated from the rest of the G1 strains by 
one amino acid (S/N317).
To test whether the recA locus was under selec-
tive pressure, we estimated the degree of selection 
by calculating the dN/dS ratio representing the ratio 
of nonsymonymous substitutions to synonymous 
substitutions. The dN/dS ratio for the recA gene of our 
strains was significantly below 1 that which renders 
this locus absent from strong positive selective pres-
sure (Table 3).The genomic species G1 and G4 were 
found in all agricultural lands except in forest soil. 
There was an almost uniform distribution of the A. 
tumefaciens genomic species G1 and G4 within the 
Slovenian regions of Savinjska (G1/G4 = 19/13), 
Spodnjeposavska (G1/G4 = 4/6) and Podravje (G1/
G4 = 6/4). However, G1 was predominant in the 
Gorenjska region (G1/G4 = 10/1). In fruit tree or-
chards, 32 of the 53 isolates (60%) were found to be 
members of genomic species G1. In some soil sam-
ples (n = 3) we determined isolates of both genomic 
species. Further, we found no obvious correlation 
in recA allele distribution and agricultural habitats. 
From six samples we retrieved isolates with different 
recA alleles of the same genomic species.
Discussion
This was the first survey for the presence of the 
Agrobacterium spp. biovar 1 in agricultural lands in 
Slovenia. Agrobacteria are ubiquitous soil bacteria 
that can be found in virtually every habitat, includ-
ing water and sediments (D’Hondt et al., 2004; Süss 
et al., 2006). 
According to our results, non-pathogenic mem-
bers of the A. tumefaciens biovar 1 are widely oc-
curring on agricultural lands in Slovenia, except in 
forest soil where they are either absent or present 
in numbers below the threshold of detection. The 
populations of A. tumefaciens biovar 1 in soil samples 
determined in this study is similar to those reported 
from other studies on soils with previous histories 
of crown gall (Alconero, 1980), or on soils with-
out crown gall-affected plants (Schroth et al., 1971; 
Bouzar et al., 1993; Mougel et al., 2001). The most 
frequently isolated genomic species in soil samples 
from Slovenia was G1 (62%), followed by G4 (38%) 
which represents the A. radiobacter species accord-
ing to recent changes in nomenclature (Lindström 
and Young, 2011). This result agrees with a previ-
ous report where the population of G1 was one of 
the most frequently isolated genomic species from 
non-contaminated soil from corn fields (Vogel et al., 
2003). As we have shown, both populations of both 
genomic species can be present at the same location 
at the same time, but it has been suggested that they 
very likely inhabit different microhabitats (Lassalle 
et al., 2011). We have not observed any obvious cor-
relations between geographic location, agricultural 
land and genomic species, but analysis of more sam-
ples could provide a more reliable insight. Similarly, 
previous extensive studies of Agrobacteria diversity 
on plasmid and chromosomal levels found no corre-
lation between genetic diversity, geographic origin, 
or host plants (Nesme et al., 1987; Michel et al., 1990; 
Pulawska et al., 1998; Raio et al., 2004; Rhouma et al., 
2006; Pulawska and Kalužna, 2012).
Even though recA sequences differed within one 
genomic species but resulted in the same RecA pro-
tein sequence, we have identified one strain which 
did not comply with this rule and had one amino 
acid changed compared to the rest of the known 
strains of the same genomic species. We identified 11 
new recA alleles that were found exclusively in Slo-
venian strains. The remaining ten recA alleles were 
identical to those determined by other authors in 
strains originating from the USA, Germany, France, 
Tunisia, Italy and Belgium (Costechareyre et al., 2010; 
De Meyer et al., 2011; Shams et al., 2013). A greater 
number of different recA allele sequences were 
found in the genomic species G1 than in G4, indicat-
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Table 1. Origin, observed colony morphology, and determined recA alleles with sequence accession numbers of strains of 
Agrobacterium tumefaciens biovar 1 soil populations from agricultural lands in Slovenia.
Strain name Region Collection site Colony morphology a Allele code Accession No.
11-1 Gorenjska Orchard Rough recA-G1-1 KC291939
46-1 Savinjska Orchard Rough recA-G1-1 KC291940
1-1 Gorenjska Orchard Rough recA-G1-2 KC291941
6-1 Gorenjska Orchard Rough recA-G1-2 KC291942
24-1 Savinjska Orchard Rough recA-G1-2 KC291943
43-1 Savinjska Orchard Rough recA-G1-2 KC291944
75-1 Podravje Vineyard Rough recA-G1-2 KC291945
3-2 Gorenjska Orchard Rough recA-G1-6 KC291946
5-3 Gorenjska Orchard Rough recA-G1-6 KC291947
22-3 Savinjska Orchard Rough recA-G1-6 KC291948
33-1 Savinjska Orchard Rough recA-G1-6 KC291950
62-1 Savinjska Orchard Rough recA-G1-6 KC291952
25-1 Savinjska Orchard (nursery) Rough recA-G1-6 KC291949
41-2 Savinjska Orchard (nursery) Rough recA-G1-6 KC291951
39-1 Savinjska Orchard Rough recA-G1-6* KC291978
7-2 Gorenjska Orchard Rough recA-G1-7 KC291953
63-1 Savinjska Orchard Rough recA-G1-7 KC291955
34-1 Savinjska Vineyard Rough recA-G1-7 KC291954
23-1 Savinjska Orchard Rough recA-G1-7* KC291977
10-1 Gorenjska Orchard Rough recA-G1-10 KC291975
9-2 Gorenjska Orchard Rough recA-G1-12 KC291971
20-3 Savinjska Orchard Rough recA-G1-12 KC291972
8-2 Gorenjska Orchard Rough recA-G1-14 KC291964
43-5 Savinjska Orchard Rough recA-G1-14 KC291965
52-2 Spodnjeposavska Meadow Rough recA-G1-14 KC291966
Z2 Spodnjeposavska Field Rough recA-G1-14 KC291967
8-3 Gorenjska Orchard Rough recA-G1-15b KC291956
9-3 Gorenjska Orchard Rough recA-G1-15b KC291957
49-2 Spodnjeposavska Orchard Rough recA-G1-15b KC291960
76-1 Podravje Orchard Rough recA-G1-15b KC291963
15-1 Savinjska Field Rough recA-G1-15b KC291958
30-1 Osrednjeslovenska Meadow Rough recA-G1-15b KC291959
45-1 Savinjska Meadow Rough recA-G1-15b KC291961
52-1 Spodnjeposavska Meadow Rough recA-G1-15b KC291962
4-1 Gorenjska Orchard Rough recA-G1-16b KC291968
(Continued)
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Strain name Region Collection site Colony morphology a Allele code Accession No.
16-1 Savinjska Orchard Rough recA-G1-16b KC291969
70-1 Podravje Orchard Rough recA-G1-16b KC291970
26-1 Savinjska Meadow Rough recA-G1-17b KC291973
31-1 Savinjska Orchard Rough recA-G1-17b KC291974
13-1 Savinjska Meadow Rough recA-G1-18b KC291976
51-1 Spodnjeposavska Orchard Rough recA-G1-19b KC291979
55-2 Spodnjeposavska Orchard Rough recA-G1-20b KC291980
72-3 Podravje Field Rough recA-G1-21b KC291981
56-1 Podravje Field Smooth recA-G4-1 KC291982
2-1 Gorenjska Orchard Smooth recA-G4-2* KC291987
17-1 Savinjska Orchard Smooth recA-G4-2* KC291988
28-1 Savinjska Orchard Smooth recA-G4-2* KC291990
40-5 Savinjska Orchard Smooth recA-G4-2* KC291991
44-1 Savinjska Orchard Smooth recA-G4-2* KC291992
53-1 Spodnjeposavska Orchard Smooth recA-G4-2* KC291994
58-1 Spodnjeposavska Orchard Smooth recA-G4-2* KC291995
67-3 Podravje Orchard Smooth recA-G4-2* KC291996
21-A Savinjska Orchard (nursery) Smooth recA-G4-2* KC291989
48-1 Dolenjska Vineyard (nursery) Smooth recA-G4-2* KC291993
57-1 Spodnjeposavska Orchard Smooth recA-G4-5 KC291984
65-1 Podravje Orchard Smooth recA-G4-5 KC291985
74-1 Podravje Orchard Smooth recA-G4-5 KC291986
29-1 Savinjska Orchard Smooth recA-G4-5 KC291983
48-2 Spodnjeposavska Vineyard (nursery) Smooth recA-G4-7b KC292007
27-1 Savinjska Meadow Smooth recA-G4-8b KC292002
34-2 Savinjska Vineyard Smooth recA-G4-8b KC292003
35-1 Savinjska Orchard Smooth recA-G4-8b KC292004
60-1 Savinjska Orchard Smooth recA-G4-8b KC292005
68-1 Podravje Orchard Smooth recA-G4-8b KC292006
20-2 Savinjska Orchard Smooth recA-G4-9b KC291997
54-2 Spodnjeposavska Orchard Smooth recA-G4-9b KC291998
69-1 Podravje Orchard Smooth recA-G4-9b KC291999
25-2 Savinjska Orchard (nursery) Smooth recA-G4-10b KC292000
61-1 Savinjska Orchard Smooth recA-G4-10b KC292001
a Growth on KB medium at 27°C.
b New recA alleles determined in this study.
*Indicates allele with one mismatch to reference allele.
Table 1. (Continued)
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Table 2. The diversity and frequency of recA alleles of the Agrobacterium tumefaciens biovar 1 soil populations from agricul-
tural habitats in Slovenia.
Genomic species Allele status No. of alleles Allele code No. of isolates

















G4 Known 1 recA-G4-1 1
2 recA-G4-2* 10
3 recA-G4-5 4





Total G1+ G4 69
Table 3. Analysis of the recA gene fragment in the Agrobacterium tumefaciens biovar 1 soil isolates.
Genomic species Size of the fragment (bp)
No. of  
alleles
No. of polymorphic 
sites dN/dS
G1 969 11 40 0.022
G4 969 7 22 0.024
G1+G4 969 18 109 0.023
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ing larger diversity within G1, while isolates of other 
known genomic species were not found. The recA se-
quences which differed from the known alleles were 
given new allele numbers when they differed from 
known alleles at more than one site. High recA allelic 
diversity of our strains showed no positive selection 
pressures, with the ratio dN/dS significantly less than 
1.00. This favours the use of recA sequence as a mark-
er in taxonomic analyses.
According to Pulawska (2010), crown gall symp-
toms are regularly observed on stone fruit trees and 
nuts in Greece, Tunisia, Hungary, Belgium, Hol-
land, Poland, Italy, Spain and France. On the other 
hand, low crown gall incidence was noted in the 
Czech Republic, Lithuania and Serbia. The situ-
ation in Slovenia is similar and most likely associ-
ated with efficient disease management in nurser-
ies that employ eradication of young symptomatic 
plants. Furthermore, we suspect that the presence of 
only non-pathogenic Agrobacteria found in agricul-
tural soils could be linked to low disease incidence. 
It was proposed that the ratio between non-patho-
genic and pathogenic Agrobacteria affects incidence 
and the extent of crown gall (New and Kerr, 1972). 
The more abundant non-pathogenic strains could 
physically block the infection sites (Lippincott et al., 
1977). Therefore the abundance of non-pathogenic 
Agrobacteria could act as natural protection against 
crown gall. 
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